Background The aging population in Latin America is characterized by not optimal conditions for good health, experiencing high burden of comorbidity, which contribute to increase the frequency of frailty; thus, identification should be a priority, to classify patients at high risk to develop its negative consequences. Aim The objective of this analysis was to validate the FRAIL instrument to measure frailty in Mexican elderly population, from the database of the Mexican Health and Aging Study (MHAS). Materials and methods Prospective, population study in Mexico, that included subjects of 60 years and older who were evaluated for the variables of frailty during the year 2001 (first wave of the study). Frailty was measured with the five-item FRAIL scale (fatigue, resistance, ambulation, illnesses, and weight loss). The robust, pre-frail or intermediate, and the frail group were considered when they had zero, one, and at least two components, respectively. Mortality, hospitalizations, falls, and functional dependency were evaluated during 2003 (second wave of the study). Relative risk was calculated for each complications, as well as hazard ratio (for mortality) through Cox regression model and odds ratio with logistic regression (for the rest of the outcomes), adjusted for covariates. Results The state of frailty was independently associated with mortality, hospitalizations, functional dependency, and falls. The pre-frailty state was only independently associated with hospitalizations, functional dependency, and falls. Conclusions Frailty measured through the FRAIL scale, is associated with an increase in the rate of mortality, hospitalizations, dependency in activities of daily life, and falls.
Introduction
The demographic and epidemiological transitions associated with the increase in life expectancy has had important implications for health systems worldwide, one of which is the aging of the population. In Mexico, for the year 2050 the elderly population will increase by about 26 million, and more than 75 % of this growth will occur after 2020. Due to this rapid growth of aged people, it is estimated that the population over 60 years, which actually represent one in 13 Mexicans (7.6 %), and in 2030 will represent one in six (17.1 %), but even in 2050 will be one in four (27.7 %).
The average age of the population, which currently is 28 years, will increase to 37 and 43 years in 2030 and 2050, respectively [1] . This phenomenon leads to an increase in clinical conditions associated with age, such as frailty, considered a vulnerability state, with increased risk of adverse events in health when exposed to a stressor [2, 3] . Moreover, frailty is associated with higher incidence of hospitalizations, falls, and death [4] [5] [6] [7] , thus affecting the quality of life of older adults, and results in greater use of health services [8] , affecting the direct and indirect costs of care.
The aging population in Latin America is characterized by suffering poverty, high burden of comorbidity, and live with social conditions not optimal for sound health, because social and health services are limited [9, 10] , which contribute to increase the frequency of frailty, whose prevalence in Mexico is between 15 and 39 % [7, 8, 11] . Therefore, identification of frailty should be a priority for health institutions, in order to classify patients at high risk to develop its negative consequences, and conduct close monitoring in search to avoid them.
Actually, there are multiple tools, and standardized indexes to measure frailty [3, 4, 6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , with good results for predicting adverse outcomes in health. The FRAIL tool [3, [12] [13] [14] [15] 23] , is fast, simple, economical, and could lead to early identification, and guide treatment by clinicians [22] . The FRAIL tool has not been validated in Mexican population to identify older adults at risk for adverse events in health such as death, functional dependence, falls and hospitalizations. Therefore, the objective of this analysis was to validate the FRAIL instrument in Mexican elderly population, from the database of the Mexican Health and Aging Study (MHAS) [24] , a prospective study in Mexicans born before 1951, as well as their couples, who through a survey on the processes of aging and the burden of disease that occur in this group and recording data in 2001 and 2003 (with measurement of mortality, falls, hospital days and functionality).
Materials and methods
To carry out the present work was employed MHAS database [24] . The methodology was conducted by the Center for Population Studies at the University of Pennsylvania, Center for Research on Population at the University of Maryland and the Center for Demography and Ecology, University of Wisconsin, while the National Institute of Statistics, Geography and Informatics (INEGI) of Mexico performed fieldwork. Information related to various aspects, such as dynamics of health, family structure and intergenerational transfers, migratory behaviors and socioeconomic differences by income and property ownership was collected. The sample is representative of the non-institutionalized population component aged 50 years in 2000. Collecting data from the first round was conducted from May to October 2001 and a second round took place from June to September 2003 in which participants were re-interviewed in 2001 and a third round in the year 2012. The weighting factors were defined according to four criteria: (a) per household, (b) for subjects 50 years or older with a couple of 50 or older in the household, (c) for single subjects 50 years or more, and (d) for subjects younger than 50 years with a couple of 50 or more in the same household. All subjects 60 years or older, who underwent a follow-up in 2003 and determined whether they were still living were selected. We excluded participants in who we could not determine the state of frailty and/or the studied variables (missing values).
Variables of the frailty index
For the construction of the frailty index were included five questions, which correspond to the FRAIL tool [3, [12] [13] [14] [15] , validated in different populations [13] [14] [15] . The first question was: During the last 2 years have you had severe fatigue or serious exhaustion often? It was taken as positive response and was assigned one point when answered ''yes''. The second question involved: Because of health problems: do you have difficulty climbing a flight of stairs without resting? Which was taken as a positive response when they answered yes, ''cannot'' or ''do not do'', and one point was assigned in such cases. The third question was: because of health problems: Do you have any difficulty walking one block? Which was taken as a positive response when they answered yes, ''can not'' or ''do not do it'', and in such case a point is assigned. The fourth question was, compared with 2 years ago do you weight: 5 kg more, 5 kg less or weighs more or less the same? The answer was taken as positive response and was assigned a point when answered 5 kg less. Finally, when they had 5 or more chronic diseases, (such as hypertension, diabetes, cancer, chronic respiratory disease, myocardial infarction, cerebral vascular disease, arthritis or rheumatism and kidney or liver disease) was assigned one point, as employed by Morley et al. [14] . The categorization of this frailty index was as follows: when zero points were obtained was considered as robust, with one or two points was considered pre-frail, and when three or more points were obtained the participant was cataloged as frail.
Analyzed covariates
There were also included the following variables: gender, age, comorbidities such as hypertension or self-reported high blood pressure, diabetes or high sugar level in blood, cancer, lung disease, heart disease (heart attack), brain disease (stroke, or transient ischemic attack), arthritis or rheumatism, and kidney or liver disease. For these comorbidities, we created the variable number of comorbidities, representing the sum of the latter, and have values ranging from 0 to 8. We also included: quality of vision, and hearing, frequency of smoking, and drinking. Cognitive status was evaluated was obtained through the crosscultural cognitive examination. This test has a maximum score of 80 and includes an assessment of the following cognitive functions: (a) primary verbal memory (repeat eight words with score from 0 to 8); (b) selective attention (visual detection of a target stimulus, with a score of 0 to 60); (c) secondary verbal memory (recall of eight words, with a score ranging from 0 to 8); (d) visual-space capacity (copying two geometric figures, scoring between 0 and 2); (e) visual memory (recall of two geometric figures, with a score ranging from 0 to 2). The test has a sensitivity of 100 % and a specificity of 83 % for patients with dementia [25] . Was also adopted the depression variable, which corresponds to the total score for each subject on a questionnaire of nine questions about depressive symptoms with a score ranging from 0 to 9, and which has already been validated [26] . Functional assessment was also included with a score that was obtained by the sum of the number of basic activities of daily living (bathing, dressing, toileting, moving, eating and being continent, score 0-6) and instrumented daily living (preparing hot food, buy food, taking medications and managing their money, score 0-4) which require assistance. Missing values were considered in the case of respondents did not answer or they reply, ''do not know'' on each of the variables analyzed. All subjects who participated in the study gave their informed consent at the time of interview.
Dependents variables
The dependent variables were mortality, hospitalizations, presence or absence of falls in the past 2 years, and need help in at least one basic or instrumental activities of daily living. All the above variables were reported in conducting the second round of the survey in 2003. For the calculation of incidence of hospitalizations, and functional dependence, we included only those participants that in the first wave of 2001, showed no hospitalization, and were independent in all activities of daily living for each group of variables, respectively.
Statistical analysis
The analysis was performed by the method of complete cases (only those subjects without missing values in the variables analyzed) [27] . Participants were characterized using descriptive statistics, and included median, and interquartile range for quantitative variables, and absolute frequencies, and percentages in the case of qualitative variables. Chi square tests were used to determine differences between qualitative variables, and Kruskal-Wallis test to demonstrate the difference between quantitative variables. p values lower than 0.05 were considered statistically significant. The variable survival time was calculated from the time in months between the date of the first clinical evaluation and the second evaluation or by the date of death. The degree of association of variables was measured with hazard ratio through Cox regression model for the case of mortality, and odds ratio through logistic regression for the variables: hospitalization, falls and dependence in at least a basic or instrumented activities of daily living. A minimum of 852 participants in each group was estimated to identify statistically significant difference in proportions between 0.02 and 0.05 through Chi square two-tailed test, power of 0.9 and alpha of 0.05 for mortality variable. All statistical analyses were performed using Stata/SE, version 12 (Stata Corporation, College Station, TX, USA).
Results

General characteristics of the participants
Baseline clinical and demographic characteristics of 4729 selected participants were grouped and analyzed according to frailty status (see Fig. 1 ; Table 1 ). The groups of frail, pre frail and robust individuals included 493 (10.4 %), 2121 (44.8 %) and 2115 (44.7 %), respectively. With regard to their general characteristics, those identified as frail were older, more often women, suffered from more depressive symptoms, required more aid for activities of daily living, reported higher number of chronic diseases, lower scores on cognition, and fewer years of schooling, they experienced poorer quality vision and hearing.
Frailty and its association with mortality at the year 2003
After a mean follow up of 29.2 months (95 % CI 29.1-29.3), the death rate was 52 (10.5 %), 98 (4.6 %) and 62 (2.9 %) participants in frail, pre frail and robust respectively (p \ 0.001). The unadjusted relative risk was 3.59 (95 % CI 2.52-5.13, p \ 0.001) and 1.57 (95 % CI 1.15-2.15, p = 0.001) for the state of frail and pre frail, respectively, which after adjusting for covariates, only the frail state remained statistically significant (see Table 2 ).
Aging
Frailty and its association with incidence of hospitalization by year 2003
To evaluate the association between frailty and incidence of hospitalizations 4232 participants were included. During the 2 years of follow up 588 hospitalizations occurred. The incidence of hospitalizations was 83 (21.8 %), 277 (14.8 %) and 228 (11.5 %) participants in frail, pre frail and robust, respectively (p = 0.003). The unadjusted relative risk was 1.89 (95 % CI 1.513-2.378, p = 0.001) and 1.285 (95 % CI 1.09-1.51, p \ 0.001) for frail and pre frail states, respectively, which after adjusting for covariates, statistical significance remained (see Table 2 ).
Frailty and its association with incidence of dependence on at least one basic activity of daily living to the year 2003
We selected 3270 participants to evaluate the incidence of dependency on at least one basic activity of daily living (BADL). During the follow up 165 (5 %) cases occurred. Frequency dependence on at least one BADL was 48 (16.7 %), 80 (5.4 %) and 37 (2.5 %) participants in the frail, pre-frail and robust groups, respectively (p \ 0.001). The unadjusted relative risk was 6.71 (95 % CI 4.45-10.12, p \ 0.001) and 2.16 (95 % CI 1.47-3.17, p \ 0.001) for the frail and pre frail state, respectively, which after adjusting for covariates remained statistically significant (see Table 2 ).
Frailty and its association with incidence of dependence on at least one instrumented activity of daily living to the year 2003
We selected 3550 participants to evaluate dependency on at least one instrumental activity of daily living (IADL Table 2 ).
Frailty and its association with incidence of falls to the year 2003
To evaluate the association between frailty and the incidence of falls, 2536 participants were included. The general incidence of falls is 794 (31.3 %). The incidence of Number of depressive symptoms 6 (4-8)
Need help in at least one BADL 65 (13.2 %) 36
The data represent absolute frequencies and percentages or median (interquartile range). Data were compared with Chi squared or KruskalWallis
The number of chronic diseases is the sum of hypertension, diabetes, cancer, respiratory disease, acute myocardial infarction, cerebrovascular disease, rheumatism, and kidney or liver disease
Aging Table 2 ).
Discussion
The objective of this analysis was to validate the FRAIL instrument for identifying frail older adults at risk for adverse health events from the database of the National Study on Health and Aging, Mexico (MHAS).
In reviewing the clinical characteristics of the members of the groups, it was found that frailty is associated with older age, female sex, more depressive symptoms, lower scores on cognition, required more aid in activities of daily living, worse quality of vision and hearing, and higher number of chronic diseases. Which agrees with the findings of Fried et al. [4] , as well as in Mexican-American population, described by Snih, and colleagues [28] and in American women [29] .
About mortality, we found an association between pre frail and frail states with an increased risk of death. This association remained even after adjusting for confounding variables such as age, sex, cognition score, and help in basic activities of daily living, and depression scale score. These results are consistent with findings from other studies that used the same definition used in the present study [13] [14] [15] 23] as well as the one used by Fried and colleagues, both in the Cardiovascular Health Study [4] , as in others previously discussed [30] [31] [32] . The explanation for this, is that the vulnerability could be a marker of another underlying disorder, and is associated with social or environmental factors that may increase the risk of mortality [33] .
Regarding the incidence of hospitalizations, the pre frail and frail states are associated with the incidence of hospitalizations. However, only the frail state remained significant after adjusting for confounding variables such as age, sex, score on cognition and function. These results are consistent with the association found in other studies [4, 34] , unlike in the study of Fried et al. [4] , an association for both pre frail and the frail states were found. These differences could be attributed to the different populations studied, since Caucasian and French populations were included in these studies, not to mention that the definition used in the present study differs from that used in them. A larger sample size would be required to find that association.
With regard to the incidence of dependence on at least one BADL or IADL, the frail, and pre frail status were significantly associated in the bivariate analysis, retaining their statistical significance after being adjusted for confounding variables. These results are consistent with the association found by other studies using the FRAIL instrument [14, 23] , as well as through other instruments in different populations [4, 28, 29, 35] . In evaluating the association of frailty with the incidence of falls, we found that frailty, and pre frailty, are associated with higher incidence of falls, even after adjusting for covariates. Therefore, our results are consistent with those published by other authors in different populations, and operative definitions of frailty [4, 19, 20] .
The present study has some limitations. First, the medical conditions of the study population and the activities of daily living are self-reports on the state of health, although several studies have found consistency in self-reports and direct measurements [36, 37] . A recent systematic review about variability in frailty measures, showed that it has an impact on reported prevalence, of frailty phenotype reported [22] . Second, the loss of subjects during followup, and analysis of complete cases may have influenced the study results, and produced selection bias [38] . It is well known that subjects who do not complete the performance measures in population studies, and not included in the present analysis, are expected to be less healthy, and more likely to die [39] , increasing the possibility of survival bias. Third, an additional reason for our results, could also be that power was calculated only for mortality as an outcome. Therefore, a type II error is expected to be higher for the rest of the outcomes. Despite these limitations, this study has many strengths, including its large sample size of men and women living in the community (which makes it generalizable), its prospective design, the ability to evaluate multiple medical conditions and factors that previously reported an association with adverse events such as death, disability, falls and hospitalizations.
Conclusion
FRAIL instrument [3, [12] [13] [14] [15] 23 ] constitutes a simple and inexpensive way to show the risk of dependence on at least one instrumental or basic activity of daily life, hospitalization, falls and mortality in Mexican elderly people at the community level. Therefore, the evaluation of frailty is recommended through this index as a screening tool in older adults, in order to identify subjects at risk of dependency, hospitalization, falls, death, and sent immediately by the primary care physician for a complete geriatric assessment to implement appropriate interventions in this geriatric syndrome.
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